To evaluate the diagnostic pitfalls attributing to false suspicious interpretation of papillary thyroid carcinoma (PTC), we performed a retrospective cytohistologic review of thyroid nodules diagnosed as suspicious for papillary carcinoma with histologyproven false suspicion of PTC. A total of 22 thyroid fine needle aspirates along with the corresponding surgical specimens were reviewed. The presence and/or absence of PTC-associated morphologic features and their mimics were evaluated. One aspirate showed papillary-like fragments with honeycomb architecture. One aspirate contained rare syncytial-type fragments which were accompanied by honeycomb sheets of follicular cells and moderate amount of colloid. Intranuclear grooves presented occasionally in virtually all 22 aspirates. The grooves were noted mainly within round nuclei and appeared thin and/or incomplete. Rare intranuclear pseudoinclusions were detected in one otherwise benign-appearing aspirates. Eight aspirates contained various numbers of histiocytes, as well as atypical polygonal, epithelioid, elongate, or spindle cells in which intranuclear grooves were occasionally seen. Conspicuous fragments of fibrocollagenous tissue with entrapped follicular cells were detected in one aspirate. The corresponding histological specimen revealed counterpart of the cytological findings described. Other features associated with PTC were inconspicuous. The findings demonstrated that the following factors may contribute to the false suspicion of PTC: (1) 
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1,2 The recently published ''The Bethesda System for Reporting Thyroid Cytopathology'' (BSRTC) demonstrates the criteria of ''suspicious for malignancy'' and ''suspicious for PTC'' represents the majority of the lesions falling into suspicious category. BSRTC recommends judicious use of this diagnostic category so that an ideal positive predictive value can be achieved. 3 Generally, the presence of overlapping cytological features between PTC and non-PTC, as well as the over interpretation of certain PTCassociated features are briefly mentioned as contributing factors to cytohistologic discrepancy. There are limited studies that specifically address details of cytologic pitfalls associated with cytohistologic discrepancy. This study was conducted through a retrospective cytohistologic review to assess the cytomorphologic features that contributed to false suspicion of PTC and describe the potential pitfalls for misinterpretation.
Materials and Methods
Between January 2000 and June 2010, a total of 4,563 thyroid FNAs were performed in our institution. A SNOMED search of the electronic pathology database retrieved a total of 28 thyroid aspirates in which a cytologic interpretation of ''suspicious for PTC'' was previously rendered and the evidence of PTC was not found upon examining the histologic specimens of subsequent total thyroidectomies. Both cytologic and histologic materials were available for a retrospective review in 22 of the 28 aspirates. All of the 22 aspirates consisted of Diff Quik-and Papanicolaou-stained conventional smears and in some aspirates also ThinPrep or cell block slides were available. In conjunction with review of several reference aspirates with histology-proven PTC, the two cytopathologists (X.J. and C.W.M.) simultaneously reviewed all aspirates along with the corresponding surgical specimens using a double-headed light microscope. During the review, we evaluated and recorded the presence and/or absence of morphologic features associated with PTC. 3 These features included papillae and/or papillary-like (without central cores) fragments, syncytial-type sheets, swirling sheets, enlarged nuclei, irregularly shaped nuclei, molded nuclei, longitudinal intranuclear grooves, intranuclear pseudoinclusions, pale nuclei with powdery chromatin, marginally placed micronucleoli, Psammoma bodies, and multinucleated giant cells. In addition, morphologic findings that may resemble or mimic the PTC-associated features aforementioned were also assessed and recorded.
Results
All 22 aspirates previously interpreted as ''suspicious for PTC'' were adequate for cytologic assessment. The corresponding histology of the 22 aspirates revealed 16 nodules with nodular hyperplasia and six nodules with follicular adenoma. Ten aspirates were moderately cellular and 12 aspirates were hypocellular. Ten aspirates contained moderate amount of colloid. Scant or no colloid presented in the remaining 12 aspirates. Various proportions of monolayer honeycomb sheets, intact follicles, and microfollicles were appreciated among all aspirates. The occurrence of PTCassociated features and their mimics is summarized in Table I. Accordingly, one aspirate showed papillary-like (without central cores) fragments. The round or oval shaped nuclei within the fragments were evenly distributed in a honeycomb rather than syncytial pattern. Smooth nuclear membrane, fine chromatin, and occasional nucleoli were appreciated (Figs. 1A and B) . One aspirate contained rare syncytial-type fragments (Fig. 1C) which were accompanied by honeycomb sheets of follicular cells and moderate amount of colloid. Intranuclear grooves presented occasionally in virtually all 22 aspirates. The grooves were noted mainly within round nuclei and appeared thin and/or incomplete (Fig. 1D) . Rare intranuclear pseudoinclusions (1E) were detected in one otherwise benign-appearing aspirates. Eight aspirates contained various amount of histiocytes, as well as atypical polygonal, epithelioid, elongate, or spindle cells in which nuclear enlargement, intranuclear grooves, pale chromatin, and small distinct nucleoli were occasionally seen (Fig. 1F) . Conspicuous fragments of fibrocollagenous tissue with entrapped follicular cells (Fig.  1G) were detected in one aspirate. Review of the corresponding histological specimens revealed focal changes that correlated with the cytological findings described but were insufficient for the diagnosis of PTC. Examples are shown in Figs. 1H-K. The presence of mild nuclear atypia including nuclear molding, nuclear enlargement, irregular nuclear membrane, and nuclear pallor was minimal among all aspirates. Swirling sheets, Psammoma bodies, and multinucleated giant cells were inconspicuous.
Discussion
This retrospective review of 22 thyroid aspirates with a histology-proven false suspicious diagnosis of PTC demonstrated that the following factors were the main contributing features to the false suspicion of PTC: (1) misinterpretation of papillary-like tissue fragments with honeycomb arrangement or fragments of fibrocollagenous tissue with entrapped follicular cells; (2) overinterpretation of suboptimal intranuclear grooves in the nuclei with minimal diagnostic features of PTC; (3) overinterpretation of rare intranuclear pseudoinclusion in the absence of the other features of PTC; (4) misinterpretation of the elongate or spindle cells that actually represented atypical cyst lining cells. Table II outlines differentiating features between true and false suspicion of PTC. Basically, papillary-like (without central cores) architecture may be seen not only in PTC but also in benign conditions such as nodular hyperplasia and Hashimoto's thyroiditis. In benign conditions, papillary-like fragments revealed honeycomb pat- tern with well-defined cytoplasmic borders and evenly distributed nuclei. Features of nuclear atypia are inconspicuous or minimally visible. On the other hand, papillary fragments encountered in PTC exhibit syncytial arrangement with unevenly distributed nuclei, nuclear crowding, and/or nuclear overlapping. In addition, nuclear features of PTC are easily appreciated. 4 Misinterpretation of honeycomb sheets as syncytial-type sheets could be avoided by performing mid-high power microscopic examination. Similarly, in the absence of definitive nuclear features of PTC, fragments of fibrocollagenous tissue with entrapped follicular cells should be interpreted with caution so that the regenerative scarring or fibrotic components are not mistaken for fibrovascular cores of papillae of PTC.
Although the presence of intranuclear grooves is considered an important criterion in the cytological diagnosis of PTC, it could also be seen in non-PTC conditions including benign entities. The previously reported data indicated that PTC in comparison with other conditions showed higher number of cells possessing intranuclear grooves. Thus, the presence of intranuclear grooves in a widespread pattern can be considered a reliable criterion while the presence of occasional intranuclear grooves should be interpreted as a non-specific finding. [5] [6] [7] Virtually all 22 aspirates reviewed in this study showed focal intranuclear grooves and some grooves had thin and/or incomplete appearances. The latter was also noted by other investigators. We agree with the opinion that thin and/or incomplete lines are probably artifacts of chromatin alignment rather than true grooves. However, true groove and its mimics should be interpreted in conjunction with other features associated with PTC. 5 The presence of intranuclear pseudoinclusions is considered another hallmark of PTC and can be seen in benign conditions. In this regard, Kini reported three aspirates obtained from Hashimoto's thyroiditis that contained intranuclear pseudoinclusions. 4 Similarly, in one of our cases, we appreciated the presence of intranuclear pseudoinclusions as the sole atypical features suggestive of PTC and the corresponding histology revealed nodular hyperplasia.
Faquin et al. undertook a comprehensive study to examine cytohistologic feature of thyroid cyst with ''atypical'' cells. Accordingly, the ''atypical'' cells demonstrated a cytomorphologic spectrum from spindle, elongated cells to polygonal, epithelioid cells. More than 50% of the aspirates showed the following features including nuclear enlargement, nuclear grooves, fine chromatin, and distinct nucleoli. Nuclear crowding and intranuclear pseudoinclusion were rarely detected. With the help of immunostaining, the ''atypical'' cells were proven to be cyst lining cells of follicular origin. 8 Among the 22 aspirates included in this study, the ''atypical'' cyst lining cells were appreciated in eight aspirates which contained various number of histiocytes. For the purpose of this discussion, immunostaining for thyroglobulin, TTF-1, and CD 68 were performed on the corresponding surgical specimen and not surprisingly, histiocytes were highlighted by positive CD 68 staining while the cyst lining cells were positive for TTF-1 (Fig. 2) and thyroglobulin (not shown), confirming thyroid follicular origin. Although the presence of nuclear enlargement, pale chromatin, and occasional intranuclear grooves in the ''atypical'' cells is a worrisome finding for PTC, the suspicious diagnosis of PTC should be made with great caution due to the lack of other features associated with PTC such as nuclear crowding/overlapping, intranuclear pseudoinclusions, etc. Noting lower cellularity of the ''atypical'' cells in a benign background, it is very unlikely that the spindle-shaped ''atypical'' cells are misinterpreted as other malignant tumors such as medullary thyroid carcinoma, anaplastic carcinoma, and metastatic carcinoma. It is well known that spindle cells of medullary carcinoma usually have eccentric nuclei, coarser, or salt-and-pepper chromatins and indistinct nucleoli while anaplastic carcinoma and metastatic carcinoma exhibiting obvious cytomorphologic features of malignancy and/or relevant clinical history, which were absent in our cases.
It is recognized that threshold and stringency of applying the criteria differ among reviewers in cytologic diagnosis of problematic thyroid nodules. The BSRTC recommends the use of ''atypia of undetermined significance/ follicular lesion of undetermined significance (AUS/ FLUS)'' for aspirates in which focal features of PTC, atypical cyst lining cells are seen in an otherwise predominantly benign setting. 9 However, challenge does exist in routing cytologic practice with regard to separation of ''suspicious for PTC'' from ''AUS/FLUS.'' Weber et al. 10 reported histology-proven PTC in 25 of 57 aspirates which were interpreted as ''atypical epithelial cells, cannot exclude papillary thyroid carcinoma.'' The blind, retrospective review of 123 aspirates which were originally interpreted as AUS/FLUS and followed by surgeries in our institution re-classified two aspirates as PTC which were confirmed by the corresponding surgical specimens while three cases of histology-proven PTC were still not diagnosed despite the secondary review. 11 In conclusion, it is essential to recognize that the presence of focal atypical features that are reported in PTC could be recognized in non-PTC FNAs and are not sufficient to raise the suspicion for PTC unless other corroborating features are also noted. We recommend that such cases be reported as AUS/FLUS which will allow the patients the benefit of a repeat FNA to further evaluate the lesions.
